SPECIFICATION 



TO ALL WHOM IT MAY CONCERN: 

BE IT KNOWN THAT I, MAKOTO MATSUSHIMA, a 
citizen of Japan residing at Hyogo, Japan have invented 
certain new and useful improvements in 

PULSE WIDTH MODULATION SIGNAL GENERATING CIRCUIT 

of which the following is a specification:- 
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BACKGRQUND OF THE INVENTION 

1 . Field of the Invention 

The present invention generally relates to 
pulse width modulation signal generating circuits and, 
5 more particularly, to a pulse width modulation signal 
generating circuit which generates a pulse width 
modulation signal supplied to a light-emitting device 
such as a light-emitting diode to cause the light- 
emitting device to emit a light. 

10 2. Description of the Related Art 

FIG. lA is a block diagram showing a structure 
of a portable telephone A2 provided with a luminescence 
circuit C4 of a light-emitting diode 102, which uses a 
conventional pulse width modulation (PWM) signal 

15 generating circuit 200. The portable telephone A2 

comprises, in addition to the luminescent circuit C4 , a 
central processing unit (CPU) 150, a read only memory 
(ROM) 151 which stores a control program of the 
luminescent circuit C4 , a random access memory (RAM) 152 

20 which is used as a work memory when executing each 

program, a transmission and reception part 153 and an 
operation part 154 including a liquid crystal panel, a 
ten-key, a microphone and a speaker. 

The CPU 150 controls the light-emitting diode 

25 102, which is an incoming call lamp, provided in the 
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luminescence circuit C4 to emit a wavy light at a time 
of reception of a telephone call signal from a remote 
terminal. Here, the emission of a wavy light refers to 
a light-emitting method in which an intensity of light 
5 is increased and decreased gradually in a wavelike 
manner . 

Specifically, the CPU 150 outputs - a 4-bit 
digital signal increasing and decreasing with a 
predetermined cycle to the luminescence circuit C4 . A 

10 PWM signal generating circuit 200, which constitutes the 
luminescence circuit C4, applies a PWM signal determined 
according to a value of the digital signal output from 
the CPU 150 to a gate of an N-channel type MOSFET 101. 
When the PWM signal supplied is active, i.e., at a high 

15 level in the luminescence circuit C4, the MOSFET 101 

turns on so as to cause the light-emitting diode 102, to 
which a power supply voltage Vcc is supplied, to emit a 
light . 

A digital-to-analog converter (DAC) 201 
20 provided in the PWM signal generating circuit 200 is 

driven by a voltage of 3V, a voltage of 2V being input 
as a top voltage VRT and a voltage of IV being input as 
a bottom voltage VRB . The DAC 201 outputs an analog 
signal Va (1V-2V) corresponding to the value (0000-1111) 
25 of the 4-bit digital signal supplied from the CPU 150 of 



the portable telephone^ as shown in FIG. IB. A 
triangular-wave generator 202 outputs a triangular wave 
TW of a predetermined frequency. As shown in FIG. IC, a 
comparator 203 outputs the PWM signal of a high level or 
5 a low level according to the sign (positive or negative) 
of the difference that is obtained by subtracting the 
analog signal Va output from the DAC 201 from the 
triangular-wave signal TW output from the triangular- 
wave generator 202. 

10 It should be noted that the luminescence 

circuit C4 mentioned above does not relate to an 
invention which has become publicly known. 

In the luminescence circuit C4 having the 
above-mentioned structure, in order to cause the light- 

15 emitting diode 102 to emit a wavy light, that is, in 
order to gradually turn on and turn off the light- 
emitting diode 102 within a period T, the CPU 150 is 
required to execute a control program to gradually 
increase the value of the 4-bit digital signal within 

20 one half (2/T) of the period T and then gradually 

decrease the digital signal within another half (2/T) of 
the period T. In this case, the CPU 150 is required to 
execute the above-mentioned control program parallel to 
other processes such as an incoming call reception 

25 processes (a display control of a liquid crystal panel 
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constituting the operation part 154) , thereby increasing 
a load to the CPU 150. For this reason, in order to 
achieve a smooth incoming call reception process, a CPU 
is required which can operate at a higher speed but more 
5 expensive than a CPU of a portable telephone provided 
with a luminescence circuit which does not cause a 
light-emitting diode to emit the above mentioned wavy 
light. 

In the PWM signal generating circuit 200 used 
10 in the above-mentioned luminescence circuit C4 , even 

when there is no arrival of an incoming call and there 
is no need to cause the light-emitting diode 102 to emit 
a light, an electric power of the voltage of 3V is 
consumed unless a power supply is turned due to an 
15 energy saving function, etc. Moreover, since there is a 
part which processes an analog signal in the circuit, a 
fluctuation tends to be generated in the output PWM 
signal. 

20 SUMMARY OF THE INVENTION 

It is a general object of the present 
invention to provide an improved and useful PWM signal 
generating circuit in which the above-mentioned problems 
are eliminated. 

25 A more specific object of the present 



invention is to provide a PWM signal generating circuit 
which outputs a stable PWM signal for increasing and 
deceasing a duty ratio at a predetermined rate within a 
predetermined period without requiring an improvement of 
5 a process capacity of a CPU as compared to a 
conventional PWM signal generating circuit. 

In order to achieve the above-mentioned 
objects, there is provided according to the present 
invention a PWM signal generating circuit comprising: a 

10 first counter circuit periodically changing a PWM signal 
output therefrom into an active state; and a second 
counter circuit changing the PWM signal, which has been 
changed into the active state by the first counter 
circuit, into an inactive state within each cycle, 

15 wherein the second counter circuit increases and 

decreases an active-to-inactive time period from a time 
when the PWM signal is changed into the active state to 
a time when the PWM signal is changed into the inactive 
state. 

20 The PWM signal generating circuit according to 

the present invention may consist of a plurality of 
circuit elements each of which outputs a digital signal. 

The PWM signal generating circuit according to 
the present invention may further comprise a first 

25 specifying circuit that specifies an upper limit value 
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and a lower limit value, wherein the second counter 
circuit may change the active-to-inactive time period 
periodically within a range between the upper limit 
value and the lower limit value. 
5 Additionally, the PWM signal generating 

circuit according to the present invention may further 
comprise a second specifying circuit that specifies a 
first schedule time and a second schedule time, wherein 
the second counter circuit may start to decrease the 

10 active-to-inactive time period after the active-to- 
inactive time period reaches the upper limit value and 
the first schedule time has elapsed, and the second 
counter circuit may increase the active-to-inactive time 
period after the active-to-inactive time period reaches 

15 the lower limit value and the second schedule time has 
elapsed . 

The PWM signal generating circuit according to 
the present invention can smoothly increase and decrease 
a duty ratio of the PWM signal only by being supplied 

20 with a reference clock signal after the operation 

parameters are set. Thereby, the load to a CPU which 
controls the PWM signal generating circuit is reduced. 
Moreover, if the PWM signal generating circuit according 
to the present invention is constituted by only circuit 

25 elements each of which outputs a digital signal, a more 



stable operation can be achieved than a case where a 
luminescence time is adjusted using circuit elements 
outputting analog signals such as an analog- to-digital 
converter (DAC) . 
5 Moreover, since an electric power is consumed 

by operation only at a reception time, a power 
consumption is much less than that in a case where a DAC 
is used which consumes an electric power at a time other 
than a reception time, unless a power is turned off due 

10 to an energy saving function , etc . , thereby suitable for 
an application such as a portable telephone which is 
driven by a battery. 

Other objects, features and advantages of the 
present invention will become more apparent from the 

15 following detailed description when read in conjunction 
with the accompanying drawings . 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. lA is a block diagram of a portable 
20 telephone provided with a luminescence circuit of a 

light-emitting diode, which uses a conventional pulse 
width modulation signal generating circuit; 

FIG. IB is an illustration . for explaining a 
digital-to-analog conversion performed by a digital-to- 
25 analog converter shown in FIG. lA; 
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FIG. IC is an illustration for explaining a 
generation of a PWM signal generated by a comparator 
shown in FIG. lA; 

FIG. 2 is a block diagram of a portable 
5 telephone provided with a luminescence circuit- using a 
PWM signal generating circuit according to an embodiment 
of the present invention; 

FIG. 3 is a block diagram of a structure of 
the PWM signal generating circuit; 
10 FIG. 4 is a circuit diagram of a 4-bit counter 

section shown in FIG. 3; 

FIG. 5 is a circuit diagram of an 8-bit 
counter section shown in FIG. 3; 

FIG. 6 is a circuit diagram of a 4-bit 
15 register section shown in FIG. 3; 

FIG. 7 is a time chart showing a status of 
each signal in the PWM signal generating circuit sown in 
FIG. 2 in a case in which a gradient setting value is 
set to ^^00000100'^- 
20 FIG. 8 is a time chart showing a status of 

each signal in the PWM signal generating circuit shown 
in FIG. 2 in a case in which the gradient setting value 
is set to ^^00011000''; 

FIG. 9 is a graph showing changes in a 
25 luminescence time per 1 cycle of a 4-bit counter 
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specified by a PWM signal output by the PWM signal 
generating circuit shown in FIG. 2 which operates in the 
state shown in FIG. 7; and 

FIG. 10 is a graph showing changes in the 
luminescence time LT per 1 cycle of the 4-bit counter 
specified by the PWM signal output by the PWM generating 
circuit shown in FIG. 2 which operates in the state 
shown in FIG. 8. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

A description will now be given, with 
reference to the drawings, of an embodiment of the 
present invention. FIG. 2 is a block diagram of a 
portable telephone Al provided with a luminescence 
circuit CI using a PWM signal generating circuit 100 
according to an embodiment of the present invention. 

The portable telephone Al comprises, in 
addition to the above-mentioned luminescence circuit CI, 
a central processing unit (CPU) 150, a read only memory 
(ROM) 151 which stores programs executed when an 
incoming call is detected, a random access memory (RAM) 
152 which is used as a work memory when executing each 
program, a transmission and reception part 153 and an 
operation part 154 including a liquid crystal panel, a 
ten-key, a microphone and a speaker. It should be noted 
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that the same reference numerals are given to parts 
equivalent to the parts of the portable telephone A2 
shown in FIG. lA. 

The luminescence circuit CI controls an 
5 intensity of a light emitted from the light-emitting 
diode 102 to increase and decrease at a predetermined 
cycle only by specifying necessary operation parameters 
(a gradient setting value, an upper limit value, a lower 
limit value, a first target value and a second target 

10 value) without a digital signal, which increases and 

decreases at the predetermined cycle, being output from 
the CPU 150. The designation of the above-mentioned 
operation parameters is not limited to a method in which 
the operation parameters are set by an external source 

15 such as the CPU 150, and the operation parameters may be 
set to their target values in the luminescence circuit 
CI. 

Specifically, the CPU 150 outputs, as 
operation parameters, information regarding a gradient 

20 setting value, upper and lower limit values and first 

and second schedule values. The gradient setting value 
(8-bit data) is for setting a degree of a smooth turn-on 
and turn-off of the light-emitting diode 102. The upper 
and lower limits are for the luminescence duty ratio of 

25 the light-emitting diode 102. The first and second 
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schedule values are for setting time periods (first and 
second schedule time) after the luminescence duty ratio 
of the light-emitting diode 102 becomes the maximum or 
minimum value until the luminescence duty ratio is 
5 started to be decreased or increase, respectively. The 
CPU 150 also outputs a reference clock signal CLK. The 
reference clock signal CLK may be generated by an 
external circuit other than the luminescence circuit CI 
or the CPU 150. 

10 The luminescence circuit CI comprises: a PWM 

signal generating circuit 100 according to the 
embodiment of the present invention; an N-channel type 
MOSFET 101 having a gate which receives the PWM signal 
output from the PWM signal generating circuit 100; and a 

15 light-emitting diode 102 connected between a drain 

electrode of the FET 101 and a power supply voltage Vcc. 
When the PWM signal output from the PWM signal 
generating signal in the luminescence circuit CI is 
active, that is, at a high level, the FET 101 turns on 

20 and the light-emitting diode 102 emits a light. On the 

other hand, when the PWM signal is the inactive, that is, 
at a low level, the FET 101 turns off, thereby turning 
off the light-emitting diode 102. 

The PWM signal generating circuit 100 

25 increases the luminescence duty ratio of the light- 
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emitting diode 102 to an upper limit value at a speed 
(tempo or rhythm) corresponding to the value of the 
gradient setting value. When the luminescence duty 
ratio of the light-emitting diode 102 reaches the upper 
5 limit value, the luminescence duty ratio is maintained 
at the upper limit valued for a time period (the first 
schedule time) until a counter 4f mentioned later counts 
up the first schedule value. Thereafter, the 
luminescence duty ratio is decreased at a speed 

10 determined by the above-mentioned gradient setting value 
until the luminescence duty ratio of the light-emitting 
diode 102 reaches the lower limit value. When the 
luminescence duty ratio of the light-emitting diode 102 
reaches the lower limit value, the luminescence duty 

15 ratio is maintained at the lower limit valued for a time 
period (the second schedule time) until a counter 4i 
mentioned later counts up the second schedule value. 
Thereafter, the PWM signal generating circuit 100 again 
increases the luminescence duty ratio of the light- 

20 emitting diode 102 to the upper limit value at a speed 
(tempo or rhythm) corresponding to the value of the 
gradient setting value so as to continue the above- 
mentioned control of the luminescence duty ratio of the 
light-emitting diode 102. 

25 FIG. 3 is a block diagram showing a structure 



of the PWM signal generating circuit 100. The PWM 
signal generating circuit is constituted by only circuit 
elements outputting digital signals, and comprises a 
first counter circuit C2 and a second counter circuit C3. 
5 The first counter circuit- C2 changes the output PWM 
signal to be active periodically. The second counter 
circuit C3 changes the PWM signal to be inactive within 
each period, and increases and decreases a time period 
from a time when the PWM signal is changed to be active 

10 (at a high level in this circuit) until a time when the 
PWM signal is changed to be inactive (at a low level in 
this circuit) . 

A 4-bit counter section 1 operates in 
synchronization with a reference clock signal CLK so as 

15 to output a high-level pulsed set signal (1-bit data) 

when starting a count and also output a count value (4- 
bit data) at an appropriate time. An 8-bit counter 
section 2 operates based on the reference clock signal 
CLK so as to output a high-level pulsed trigger signal 

20 (1-bit data) when the count value (8-bit data) matches a 
gradient setting value (8-bit data) supplied by the CPU 
150 and also reset the count value. A 4-bit up-down 
counter 3 performs a counting operation according to the 
input of the high-level pulsed trigger signal (1-bit 

25 data) output from the 8-bit counter section 2 . The 4- 
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bit up-down counter 3 functions as an up-counter when an 
up-down control signal is at a high level, and also 
functions as a down-counter when the up-down control 
signal is at a low level. 
5 The 4-bit register section 4 holds the count 

value (4-bit data) which the 4-bit up-down counter 3 
outputs at the time of input of the set signal from the 
4-bit counter section 1 , and outputs the count value to 
a comparator 5 of the subsequent stage. When the count 

10 value (4-bit data) of the counter 3 concerned becomes 
equal to a predetermined maximum value (4-bit data) 
while the counter 3 is functioning as an up-counter, the 
4-bit register section 4 does not update the value 
currently held even if it receives the set signal, and, 

15 thereafter, outputs the count value which corresponds to 
the maximum value for a period of time (first schedule 
period) during which a first built-in counter 
(corresponding to a counter 4f shown in FIG. 5), which 
starts at a time when the above-mentioned cont value 

20 becomes equal to the maximum value, counts a first 

schedule value. Moreover, when the count value (4-bit 
data) of the first built-in counter turns into the first 
schedule value (4-bit data) , the 4-bit register section 
4 changes the up-down control signal being output to the 

25 4-bit up-down counter 3 to a low level, and updates the 
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held cunt value to the count value being output by the 
counter 3 in response to the input of the set signal. 

On the other hand, when the count value (4-bit 
data) of the counter 3 concerned becomes equal to a 
5 predetermined minimum value (4-bit data) while the 

counter 3 is functioning as a down-counter, the 4-bit 
register section 4 does not update the value currently 
held even if it receives the set signal, and, thereafter, 
outputs the count value which corresponds to the minimum 

10 value for a period of time (second schedule period) 

during which a second built-in counter (corresponding to 
a counter 4i shown in FIG. 5) , which starts at a time 
when the above-mentioned count value becomes equal to 
the minimum value, counts a second schedule value . 

15 Moreover, when the count value (4-bit data) of the 

second built-in counter turns into the second schedule 
value (4-bit data) , the 4-bit register section 4 changes 
the up-down control signal being output to the 4-bit up- 
down counter 3 to a high level, and updates the held 

20 count value to the count value being output by the 

counter 3 in response to the input of the set signal. 

The comparator 5 outputs a reset signal of a 
high level to a flip-flop 6 when the count value output 
from the 4-bit counter section 1 becomes larger than the 

25 count value output from the 4-bit register section 4. 
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The flip-flop 6 starts output of the PWM 
signal, which is a diode luminescence signal, in 
response to the input of the high-level set signal from 
the 4-bit counter section 1, and returns the PWM signal 
5 to a low level in response to the high-level reset 
signal from the comparator 5 so as to ends the 
luminescence . 

FIG. 4 is a circuit diagram of the 4-bit 
counter section 1 shown in FIG. 3. The reference clock 

10 signal CLK is supplied to a 4-bit counter la. An output 
terminal (a bus which outputs 4-bit data) of the 4-bit 
counter la is connected to one of signal input terminals 
of a 2-input NOR gate lb, and also connected to a signal 
input terminal of the 4-bit register section 4 . The 

15 remaining signal input terminal of the NOR gate lb is 

grounded, and is always supplied with a low level 4-bit 
signal ^^00 0 0". 

It should be noted that the NOR gate lb 
acquires the negative OR of two sets of 4-bit data, and 

20 outputs a high-level set signal (1-bit data) only when 
both the two sets of 4-bit data supplied are ''0000''. 
That is, more specifically, the 2-input NOR gate lb 
comprises: a 2-input NOR gate having two signal input 
terminals, data of a least significant bit from among 4- 

25 bit date output by the 4-bit counter la being supplied 
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to one of the signal input terminals and ^^0" data being 
supplied to the remaining signal input terminal; a 2- 
input NOR gate having two signal input terminals, data 
of a second least significant bit being supplied to one 
5 of the signal input terminals and ^^0" data being 

supplied to the remaining signal input terminal; a 2- 
input NOR gate having two signal input terminals, data 
of a third least significant bit being supplied to one 
of the signal input terminals and ^^0" data being 

10 supplied to the remaining signal input terminal; a 2- 
input NOR gate having two signal input terminals, data 
of a most significant bit being supplied to one of the 
signal input terminals and ^^0'' data being supplied to 
the remaining signal input terminal; and a 4-input AND 

15 gate to which output of those four NOR gates are 
supplied . 

Similarly, in the circuit explained below, the 
logical gates having input terminals, to which a bus 
line is connected, comprise identical logical gates of a 

20 number the same as the number of bits of data flowing 
through the bus and an AND gate performing all ANDs of 
the outputs of those logical gates . The logical gates 
are supplied with sets of data corresponding to the 
respective bits (which means sets of data of least 

25 significant bits, sets of data of second least 
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significant bits, ...). It should be noted the logical 
gates explained below are an AND gate 2b shown in FIG. 5 
and AND gates 4j and 4g shown in FIG. 6. 

FIG. 5 is a circuit diagram of the 8-bit 
5 counter section 2 shown in FIG. 3. The reference clock 
signal CLK is supplied to an 8-bit counter 2a. An 
output of the 8-bit counter 2a is connected to the 
signal input terminal of the 2-input AND gate 2b. A 
gradient setting value which is 8-bit data is supplied 

10 to the remaining signal input terminal of the AND gate 
2b. The AND gate 2b outputs a high-level reset signal 
(1-bit data) when the sets of the 8-bit data supplied 
thereto completely match each other. As mentioned above, 
the AND gate 2b comprises eight AND gates to which sets 

15 of data of each corresponding bit is supplied and an 8- 
input and 1-output AND gate to which outputs of the 
eight AND gates are supplied. 

The output terminal of the AND gate 2b is 
connected to a clock signal input terminal of the 4-bit 

20 up-and-down counter 3, and also connected to a reset 

signal input terminal of the 8-bit counter 2a. When the 
count value output from the counter 2a matches the 
gradient setting value, the output of the AND gate 2b is 
changed into a high level. Accordingly, the 8-bit 

25 counter 2a is reset, and the output signal of the AND 
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gate 2b returns to a low level . 

FIG. 6 is a circuit diagram of the 4-bit 
register section 4 shown in FIG. 3. An output signal 
(4-bit data) of a 4-bit up-down counter 3 is supplied to 
5 a negative signal input terminal of a comparator 4b, a 
positive signal input terminal of a comparator 4c and a 
data input terminal of a register 4e. The 4-bit data 
representing an upper limit value is supplied to a 
positive signal input terminal of the comparator 4b. 

10 The comparator 4b outputs a high-level comparison result 
signal (1-bit data) while the output of the 4-bit up- 
down counter 3 is equal to or smaller than the upper 
limit value. On the other hand, the 4-bit data 
representing an lower limit value is supplied to a 

15 negative signal input terminal of the comparator 4c. 

The comparator 4c outputs a high-level comparison result 
signal (1-bit data) while the output of the 4-bit up- 
down counter 3 is equal to or greater than the lower 
limit value. 

20 The set signal (1-bit data) of the 4-bit 

counter section 1 is supplied to one of signal input 
terminals of the 2-input AND gate 4a. The remaining 
signal input terminal of the AND gate 4a is connected to 
an output terminal of the 2-input AND gate 4d. A signal 

25 output terminal of the comparator 4b is connected one of 
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signal input terminals of the 2-input AND gate 4d, and 
also connected to an enable terminal E of a counter 4f. 
Additionally, a signal output terminal of the comparator 
4c is connected to the remaining signal input terminal 
5 of the AND gate 4d, and also connected to an enable 
terminal E of a counter 4i. 

In the above-mentioned structure, the AND gate 
4d outputs a high-level signal when the count value 
output by the 4-bit up-down counter 3 is between the 

10 upper limit value and the lower limit value. On the 

other hand, the AND gate 4d outputs a low-level signal 
when the count value of the 4-bit up-down counter 3 is 
greater than the upper limit value or smaller than the 
lower limit value. When the AND gate 4d is outputting 

15 the high-level signal, the AND gate 4a outputs a high- 
level signal to the enable terminal E of the register 4e 
in response to an input of the set signal of the 4-bit 
counter section 1 . When receiving the above-mentioned 
high-level signal at the enable terminal E, the register 

20 4e holds the count value supplied from the signal input 
terminal, and outputs the held data to a comparator 5. 

When the AND gate 4d is outputting the low- 
level signal, i.e., when the count value which the 4-bit 
up-down counter 3 outputs becomes greater than the upper 

25 limit value or smaller than the lower limit value, the 
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AND gate 4a continuously outputs a low-level signal 
irrespective of the set signal from the 4-bit counter 
section 1, According to the above-mentioned structure, 
the data held in the register 4e is not updated after 
5 the count value becomes greater than the upper limit 
value or becomes smaller than the lower limit value. 

The counter 4f starts a counting operation 
when the count value which the counter 3 outputs exceeds 
the upper limit value, that is, when the high-level 

10 signal is supplied to the enable terminal E from the 
comparator 4b, and outputs the count value to one of 
signal input terminals of a 2-inpu AND gate 4g. The 
first schedule value is supplied to the remaining signal 
input terminal of the AND gate 4g. The AND gate 4g 

15 outputs a high-level signal to a set terminal of a flip- 
flop 4h of the subsequent stage when the count value of 
the counter 4f becomes equal to the first schedule value. 
Accordingly, an output inversion signal of the flip-flop 
4h is supplied to the up-down control signal input 

20 terminal of the 4-bit up-down counter 3. Thus, the 

counter 3, which has been functioned as an up-counter, 
is changed to function as a down-counter. 

Similarly, the counter 4i starts a counting 
operation when the count value which the counter 3 

25 outputs becomes smaller than the lower limit value, that 
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is ^ when the high-level signal is supplied to the enable 
terminal E from the comparator 4c, and outputs the count 
value to one of signal input terminals of a 2-inpu AND 
gate 4j . The second schedule value is supplied to the 
5 remaining signal input terminal of the AND gate 4j . The 
AND gate 4j outputs a high-level signal to a reset 
terminal of the flip-flop 4h of the subsequent stage 
when the count value of the counter 4i becomes equal to 
the second schedule value. According to the above- 

10 mentioned structure, a high-level output inversion 

signal is output from the flip-flop 4h to the up-down 
control signal input terminal of the 4-bit up-down 
counter 3. Thus, the counter 3, which has been 
functioned as a down-counter, is changed to function as 

15 an up-counter. 

FIG. 7 is a time chart showing a status of 
each signal in the PWM signal generating circuit 100 in 
a case in which the gradient setting value is set to 
^^00000100", that is, in a case in which an increasing 

20 rate of a luminescence duty ratio of the light-emitting 
diode specified by the gradient setting value is set a 
relatively fast tempo. FIG. 8 is a time chart showing a 
status of each signal in the PWM signal generating 
circuit 100 in a case in which the gradient setting 

25 value is set to ^'00011000", that is, in a case in which 
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an increasing rate of the luminescence duty ratio of the 
light-emitting diode specified by the gradient setting 
value is set to a relatively slow tempo. 

As apparent from comparison between FIG. 7 and 
5 FIG. 8, by changing the gradient setting value, a rate 
of increase and decrease of a period, during which the 
PWM signal is at a high level within a cycle in which 
the set signal is output. 

Moreover, as shown in FIG. 7 and FIG. 8, the 

10 flip-flop 6 changes a signal level of the PWM signal to 
a high level in response to an input of the high-level 
pulsed set signal output from the 4-bit counter section 
1. As shown in FIG. 2, in response to the input of the 
high-level PWM signal, the N-channel type MOSFET 101 

15 turns on, as shown in FIG> 2, and, thereby, the light- 
emitting diode 102 emits a light. Moreover, the 4-bit 
register section 4 holds the count value output from the 
4-bit up-down counter 3 . 

FIG. 7 shows that ^^0100" is held according to 

20 the first input of the set signal. Additionally, FIG. 7 
shows that ^''0111" is held according to a next input of 
the set signal. 

Moreover, FIG. 8 shows that '"0000" is held 
according to the first input of the set . signal. 

25 Additionally, FIG. 8 shows that "'0001'^ is held according 
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to a next input of the set signal. The 4-bit register 
section 4 returns the PWM signal to a low level after 
the count value output by the 4-bit counter section 1 
becomes equal to the held count value. 
5 FIG. 9 is a graph showing changes in the 

luminescence time LT per 1 cycle of the 4-bit counter 1 
specified by the PWM signal output by the PWM signal 
generating circuit 100 which operates in the state shown 
in FIG. 7. In this example, the upper limit value is 

10 represented by LTa and the lower limit value is 

represented by LTb. Additionally, the first schedule 
value is set to a count value corresponding to a time 
period tl, and the second schedule value is set to a 
count value corresponding to a time period t2 . 

15 FIG. 10 is a graph showing changes in the 

luminescence time LT per 1 cycle of the 4-bit counter 1 
specified by the PWM signal output by the PWM generating 
circuit 100 which operates in the state shown in FIG. 8, 
In this example, the upper limit value is represented by 

20 LTc and the lower limit value is represented by LTd. 

Additionally, the first schedule value is set to a count 
value corresponding to a time period t3 , and the second 
schedule value is set to a count value corresponding to 
a time period t4 . 

25 It can be interpreted from comparison between 



-26- 



FIG. 9 and FIG. 10, by increasing the gradient setting 
value, an inclination 92 can be made smaller than an 
inclination 6l that represents an amount of change in 
the luminescence time LT per unit time. 
5 As mentioned above, by using the PWM 

generating circuit 100 having the above-mentioned 
structure and after setting the gradient setting value, 
the upper limit value, the lower limit value, the first 
schedule value and the second schedule value, the 

10 luminescence time of the light-emitting diode 102 can be 
increased and decreased smoothly with a desired tempo 
and a desired width of change (corresponding to 
difference between the upper limit value and the lower 
limit value) during a predetermined time period (per 1 

15 cycle of the 4-bit counter) only by supplying the 

reference clock signal CLK without any load to the CPU 
150. 

Moreover, by constituting the PWM generating 
circuit 100 only by circuit elements outputting digital 

20 signals, a more stable operation can be achieved than a 
case in which a luminescence time is adjusted using 
circuit elements outputting analog signals such as a DAC. 
Moreover, since an electric power is consumed by 
operation only at a reception time, a power consumption 

25 is much less than that in a case where a DAC is used 
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which consumes an electric power at a time other than a 
reception time, unless a power is turned off due to an 
energy saving function, etc., thereby suitable for an 
application such as a portable telephone which is driven 
5 by a battery. 

Furthermore, a further complicated turning on 
and off of the light-emitting diode can be easily 
achieved by merely changing the gradient setting value, 
the upper limit value, the lower limit value, the first 
10 schedule value and the second schedule value by a 
control of the CPU 150. 

The present invention is not limited to the 
specifically disclosed embodiments, and variations and 
modifications may be made without departing from the 
15 scope of the present invention. 

The present application is based on Japanese 
priority application No. 2002-338129 filed November 21, 
2002, the entire contents of which are hereby 
incorporated by reference. 

20 
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